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METHOD AND APPARATUS FOR DERIVING A CHANNEL MAP FOR 
A DIGITAL TELEVISION RECEIVER 

Field of the Invention 

The present invention relates to tuning systems for digital television (DTV) 
receivers and, in particular to a system and method for quickly deriving a channel 
map for the DTV receiver. 

Background of the Invention 

The number of television programs that a viewer may receive at any 
given time has increased geometrically in the last few years. Conventional analog 
television systems such as those conforming to the National Television Standards 
Committee (NTSC) and Phase Alternate Line (PAL) standards transmit one program 
per 6 MHz or 8 MHz channel. Recently, digital television signal processing 
techniques have been developed that allow multiple programs to be transmitted in 
each 6 MHz channel. Furthermore, there are now many sources of television signals 
In addition to the conventional terrestrially broadcast signals, a viewer may receive 
television signals, for example, via wired cable systems, several different types of 
satellite systems, so-called wireless cable systems and, in the near future, via a global 
information network, such as the Internet. 
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Conventional cable television systems are capable of delivering 140 six 
MHz channels and some systems are capable of delivering over 200 channels via a 
coaxial cable. Presently, new technology is being investigated to increase the number 
of programs that can be delivered to the home. This is being done via two 
5 technologically strategic moves. The first is to increase the allocated bandwidth to 1 
GHz (which provides for 150 six MHz channels). The second is to use video 
compression to configure a channel to carry up to 10 minor channels in one 6 MHz 
wide major channel. Channels that include a plurality of minor channels are also 
known as multiprogram channels. Typical numbers that are used in the industry 
10 estimate that about 500 programs can be delivered to the home over a single coaxial 
cable. Fiber optic cable provides many times the bandwidth of a coaxial cable and 
promise to be able to provide several thousand programs. In the same way, increased 
bandwidth for satellite systems may allow a viewer to receive upwards of 1,000 six 
MHz channels, each channel containing up to ten minor channels. 

15 The digital coding that allows a single television channel to contain more 

than one minor channel also makes the channels more difficult to decode: While an 
analog television receiver may be able to tune to a new channel and recover a 
television signal in a matter of milliseconds, a DTV receiver needs more time. This 
is because a typical digital television signal is first encoded according to the standard 

20 adopted by the Moving Picture Experts Group (MPEG) to provide a digital bit- 
stream. The digital bit stream is then used to modulate a radio frequency (RF) carrier 
using quadrature amplitude modulation (QAM) or trellis coded vestigial side-band 
(VSB) modulation techniques. In order to receive a program transmitted on a DTV 
channel, therefore, a receiver must tune the receiver to the channel frequency, phase- 

25 lock the tuner to the DTV signal, demodulate the signal and then decode the 

demodulated signal. For a typical DTV signal, this process may take four to ten 
seconds for each major channel. 

Television receivers manufactured in the last few years typically include 
a tuning memory that stores tuning information for active channels which may be 
30 received by the television receiver. This information is commonly referred to as a 
channel map. The tuning memory may store, for example, a list of channels for 
which valid RF television signals are present and tuning information that may be used 
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to set the television tuner to quickly recover the RF carrier. This list is used to step 
sequentially through channels when a viewer is watching television. As a viewer 
presses the channel up key on the remote control, a microprocessor in the television 
receiver accesses the channel map and provides information for the next channel in 
5 the list to the tuner. 

In a typical analog television receiver, the channel map is derived using 
a set-up function accessed via the control menu of the receiver. The set-up function 
sequentially scans the tuner from the lowest channel frequency to the highest channel 
frequency, attempting to tune each channel as it is encountered. Only channels that 
10 provide valid television signals are added to the channel map. 

While this system works well for analog television receivers, it may not 
be appropriate for DTV receivers. First, as described above, it takes considerably 
more time for a digital television decoder to determine if a valid signal exists at a 
channel frequency. Second, the existence of valid programming at the various 

is channel frequencies may change more often in a DTV environment, such as a satellite 
broadcast, than in a traditional terrestrial broadcast environment, for example, due to 
changing weather conditions or sun-spot events. These events may affect the strength 
of the received satellite signal and make some of the channels temporarily 
unavailable. Thus, for a DTV receiver if conventional methods are used to generate a 

20 channel map, not only will it take more time but it will need to be done more often. 

Summary of the Invention 

The present invention is embodied in a method and apparatus which 
quickly derives a channel map for a DTV receiver. The apparatus includes a tuner 
that is controlled by a processor in the television receiver to test a channel frequency 
25 to determine the amplitude of the signal at that frequency. The processor uses this 
value to determine if a valid DTV channel is likely to exist at the frequency. If the 
amplitude exceeds a threshold value, the processor updates the channel map to 
indicate that a valid signal is available at that frequency. 
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According to one aspect of the invention, the processor monitors the 
signal recovered by the tuner during normal television viewing for valid program 
information. If a program exists at a frequency in the channel map, then the 
processor uses an instantaneous noise estimate generated by the demodulator to update 
the threshold value. 

According to another aspect of the invention, If the processor does not 
detect valid program information for a channel in the program map, the threshold 
value used by the processor to build the channel map is changed such that only 
channels having signals of greater amplitude are detected. 

According to another aspect of the invention, the television receiver 
includes a main tuner and an auxiliary tuner. The auxiliary tuner periodically scans 
the television channel frequencies even when the main tuner is being used by a viewer 
who is watching television. 

Brief Description of the Drawing 

The invention is best understood from the following detailed description 
when read in connection with the accompanying drawing. Included in the drawing 
are the following figures: 

Figure 1 is a block diagram of a television receiver including a first 
embodiment of the present invention. 

Figure 2 is a block diagram of a television receiver including a second 
embodiment of the present invention. 

Figure 3 is a flow-chart diagram that is useful for describing the 
operation of the present invention 

Figure 4 is a flow-chart diagram that illustrates the compute detect 
threshold process shown in Figure 3. 
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Detailed Description of the Invention 



Figure 1 is a block diagram of a first embodiment of the present 
invention. In Figure 1, RF Television signals are received by a tuner 110 and 
converted to intermediate frequency (IF) signals that are applied to a demodulator 

5 112. The tuner 1 10 is controlled by two channel select signals, A user channel select 
signal provided by a user interface process 116 of the microprocessor 114 and a 
channel select signal provided by a fast channel map control process 1 18 of the 
microprocessor 114. In this exemplary embodiment of the invention, the fast channel 
map is generated only in a setup interval during which the viewer may not use the 

l o television receiver . 



O The tuner 1 10 is a conventional cable television or satellite tuner and 

;i may be, for example, the CN2811 digital cable tuner RF integrated circuit 

m manufactured by Conexant. The demodulator 112 provides four signals, a 

!:f demodulated video signal, a lock status signal, a channel noise estimate signal, and an 

m 15 automatic gain control (AGC) signal. The AGC signal is used in the exemplary 

W embodiment of the invention as an indication of the amplitude of the received IF 

signal. It is well known that the amplitude of this signal is inversely proportional to 
y the amplitude of the received DTV signal. To allow the fast channel map control 

ft process 1 18 to use the AGC signal as a measure of signal amplitude 
o 

O 20 Alternatively, as shown in phantom in Figure 1, a separate amplitude 

detector 1 1 1 may be used to determine the amplitude of the IF signal provided by 
tuner 110. This circuit may include, for example, a rectifier (not shown) that 
converts the IF signal into a direct current (DC) signal and a tuned circuit (not shown) 
(e.g. a resistor-capacitor circuit), coupled between the rectifier and ground, which 
25 tracks the peak amplitude of the rectified IF signal. 

In the exemplary embodiment of the invention, the lock status signal and 
the channel noise estimate signal are stored in digital registers internal to the 
demodulator 112. These signals are accessed by the microprocessor 114 via an I 2 C 
bus (not shown). The demodulator 112 may be, for example, a BCM3125 QAMLINK 
30 universal set-top box transceiver, manufactured by Broadcom, Inc. 
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The demodulated baseband DTV signal from the demodulator 112 is 
provided to an MPEG decoder 126 that, under control of microprocessor 114, 
decodes the DTV signal into separate audio and video information signals. The audio 
information signal is applied to an audio signal processor 128 which generates analog 
5 audio signals that are applied to a speaker system 130. 

The video information signal is applied to a video signal processor 132 
that generates analog video signals for application to a display device 134. In the 
exemplary embodiment of the invention, the user interface process 116 of the 
microprocessor 114 is also coupled to the video signal processor 132 to provide 
10 menus and other information to the viewer via an on-screen display process (not 
shown). In addition, the user interface 116 includes a remote control receiver (not 
shown) that is configured to receive commands from a viewer remote control device 
(not shown). 

The user channel select signal provided by the user interface process 
15 116, and the lock status and channel noise estimate signals provided by the 

demodulator 112 are all applied to the fast channel map control process 118 of the 
microprocessor 114. The operation of the fast channel map control process is 
described below with reference to Figures 3 and 4. 

The amplitude signal provided by the demodulator 112 or the amplitude 
20 detector 1 1 1 is applied to a comparator 122. The use of this signal is described below 
with reference to Figure 3. The amplitude signal provided by the demodulator 112 
may be derived from the in band automatic gain control signal provided by the 
demodulator. This signal is inversely proportional to the amplitude of the received IF 
signal. 

25 Comparator 122 is coupled to receive a threshold value from the fast 

channel map control process 118 via a digital to analog converter 124. The output 
signal of the comparator 122 is a channel detect signal. This signal is provided when 
the detected amplitude of the IF signal, as provided by the amplitude detector 111, is 
greater than the threshold value provided by the fast channel map control process. If 

30 the in band AGC signal of the demodulator 1 12 is used as the amplitude signal, 
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however, the comparator 122 may provide the channel detect signal when the ACG 
signal is less than the threshold value provided by the digital to analog converter 124. 

In addition to the user interface process 116 and the fast channel map 
control process 118, the microprocessor 114 includes a channel detect table 120. This 
5 table contains the channel map for the television receiver. The user interface process 
1 16 is coupled with the channel detect table to obtain the current channel map for use 
by the viewer when watching television. 

Briefly, the embodiment of the invention shown in Figure 1 operates as 
follows. During a setup operation, the fast channel map control process 118 controls 

10 the tuner via the channel select signal to sequentially scan every television signal 
frequency that can be received by the tuner 110. As each channel frequency is 
scanned, the tuner is held at the frequency for a brief interval (e.g. 30 milliseconds) 
and the amplitude of the signal at that frequency is measured. The signal amplitude is 
compared to the threshold amplitude provided by the channel map control process to 

15 determine if a channel exists at that frequency. The threshold value is adjusted based 
on the channel noise estimate provided by the demodulator 112. In addition, after the 
setup process is complete, when the viewer is watching television, each time the 
viewer changes the channel on the DTV receiver, the viewer channel select is 
analyzed by the fast channel map control process 118 to determine if a television 

20 program actually exists at the selected channel. If no television program exists at a 
selected channel, then the threshold value used by the fast channel map control 
process is increased and the fast channel map control process is scheduled to run the 
next time that the television receiver is not in use by the viewer to update the channel 
map. 

25 Because the exemplary embodiment of the invention shown in figure 1 

does not actually demodulate the DTV signals when it builds the channel map, the 
process of building a channel map takes only a relatively short amount of time. 

The one disadvantage of the embodiment of the invention shown in 
Figure 1 is that it may only build a channel map when the viewer is not using the 
30 DTV receiver. If, for example, the initial threshold value used to build the channel 
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map is too low, the viewer may have many erroneous channels in the channel map 
table 120. As described above, in the first embodiment of the invention, this table is 
updated only when the viewer is not using the television receiver. Consequently the 
viewer may need to rerun the setup process or turn off the television receiver if the 
5 channel map contains many erroneous channels. 

This deficiency of the embodiment of the invention shown in Figure 1 
may be corrected by including an auxiliary tuner 210 as shown in Figure 2. The 
auxiliary tuner 210 may, for example, be a CT10 Up/Down Converter for CATV 
Receiver manufactured by Panasonic Corporation. The output signal of the tuner 210 

10 is applied to an amplitude detector 212 that generates the amplitude signal for the 
comparator 122. The exemplary amplitude detector 212 may be of the same 
construction as the amplitude detector 111, described above. The tuner 210 is 
coupled to receive the channel select signal provided by the fast channel map control 
process 118. The user channel select signal is applied to the tuner 110. Because the 

15 tuner 210 is used only for the fast channel map control process 118, the channel map 
may be generated continually, even when the viewer is using the television receiver. 

Figure 3 is a flowchart diagram that illustrates the operation of the fast 
channel map control process 118. The process begins at step 310 by resetting all of 
the entries in the channel detect table 120. At step 312, the process sets an initial 

20 detect threshold, DTnew, this value is set, for example, to a value just below the 
expected amplitude of the intermediate frequency signal for a moderate to strong 
digital television channel. At step 314, the process resets the update timer to zero. 
Next, at step 316, the fast channel map control process branches a separate compute 
detect threshold process 316 as a separately executing thread. This process is 

25 described below with reference to Figure 4. After step 316, the fast channel map 
control process executes step 318 that causes the tuner 210 (or 110 in the embodiment 
shown in Figure 1) to select the next channel responsive to the channel select signal. 
At step 320, the process waits for the tuner to stabilize. This waiting period is 
typically about 30 milliseconds. 

30 At step 322, the process samples the output signal provided by the 

comparator 122 to determine if the amplitude of the signal detected at the selected 



MATP-592US 



channel is greater than the current detect threshold value (DTjiew). If so, then step 
324 is executed which updates the channel detect table to indicate that a valid DTV 
channel exists at the current channel position. If, at step 322, the output signal of the 
comparator 122 indicates that no channel is present than step 324 is skipped. After 
5 step 322 or step 324, step 326 is executed to determine if the last channel has been 
processed for this iteration of the fast channel map control process. If more channels 
are to be processed, control transfers from step 326 to step 318 to select the next 
channel, otherwise control transfers to step 328. 

At step 328, the process waits for the update timer to expire. When the 
10 timer expires, typically after a ten minute interval, control transfers to step 314 to 
reset the update timer and perform the channel map control process again. The 
update timer is used in the embodiment of the invention shown in Figure 2 where the 
fast channel map control process may run even when the viewer is using the television 
receiver. If, instead, the embodiment of the invention shown in Figure 1 is used, the 
15 fast channel control map process may be run a number of times, for example, twice, 
during each setup interval, and each time immediately after the viewer has turned off 
the television receiver. In this instance, step 328 would not be used and the process 
would end after the last channel had been processed as determined in step 326. 

Figure 4 is a flowchart diagram that illustrates the compute detect 
20 threshold process shown at step 316 of Figure 3. This process begins at step 410. 
Step 412 sets the false detect value (FDV) to zero and then sets the channel noise 
estimate value to (CNE) to zero. After step 412, the process executes step 414, 
which waits for the user to change a channel or waits for the update timer to expire. 
When a channel change requested by the viewer occurs in step 414, control transfers 
25 to step 416, which waits for the demodulator 112 to stabilize. This interval is 

typically about 300 milliseconds. After the demodulator has stabilized in step 416, 
step 418 determines if the demodulator has locked onto a channel. If the demodulator 
has not locked onto a channel, it is assumed that the information in the channel map is 
erroneous and that no digital television channel exists at that frequency. In this 
30 instance, step 422 is executed, which sets FDV to 1, and control is transferred to step 
414, described above. If, however, at step 418, the demodulator 110 has locked onto 
a channel, then step 420 is executed which accesses the channel noise estimate value 
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from the demodulator 112 and adds this value to a running average of the channel 
noise estimate (CNE). After step 420, control transfers to step 414 as described 
above. 

If, at step 414, the update timer expires before the user changes 
channels, step 424 is executed which computes a new detect threshold value using the 
values of FDV and CNE computed at steps 422 and 420, respectively. The new 
threshold value is calculated as described by equations (1) through (7). 



DTjiew = DTold + AMTA + FDV*TINC (1) 

AMTA = MTAjiew - MTA_old (2) 

MTAjiew = (MSAjiew 2 + CNEjiew 2 )' A (3) 

hsva ^n( SNR T/\0 + logCNE old 2 ) /AX 

MSA _new-lO K - & - J (4) 

MTA_old = (MSA_old 2 + CNE_old 2 )' A (5) 

M^_oW = 10^- r/10 + 1 °g C ^-^ 2 ) (6) 

TINC = DAC_output_voltage_range/64 (7) 



Where, DT_new is the detect threshold for current update cycle; DT_old is the detect 
threshold from the previous update cycle; MTA_new is the minimum tuner amplitude 
for the current update cycle; MTA_old is the minimum tuner amplitude from the 
previous update cycle; CNE_new is the channel noise estimate (computed by the 
demodulator 112) for the current update cycle; CNE_old is the channel noise estimate 
from the previous update cycle; SNR_T is the minimum signal-to-noise ratio set for 
the demodulator 112; and FDV is the false detect value (which is one if one or more 
false channels have been detected). 
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At step 426 the process updates the comparator with a new detect 
threshold value (DT_new). After step 426 the process ends at step 428. 

The Apparatus and method described above generate a channel map for 
a digital television transmission system rapidly by determining only that a signal of 
sufficient strength exists at a prospective channel position rather than by tuning and 
recovering channel information at that channel frequency. Errors in the fast channel 
map generation process are monitored and used to update the threshold values used by 
the process. The process desirable runs continually in order to maintain a map of 
currently available channels. 

While the invention has been described in terms of exemplary 
embodiments, it is contemplated that it may be practiced as described above with 
modifications that are within the scope of the attached claims. 



